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* NOTICES *. 

iTPO and NCIFJ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] a conductor — the approach of manufacturing the conductive paste which uses the powder 
ingredient for formation as a principal component ~ it is ~ the conductor ~ with the process which prepares 
the powder ingredient for formation the process which distributes this powder ingredient to a vehicle ~ 
including — the conductor — preparation of the powder ingredient for formation As opposed to spherical 
conductive metal powder abbreviation which has the predetermined particle size distribution and the mean 
particle diameter which accomplish the subject of this powder ingredient — a conductor in case the filling 
factor of this powder ingredient in the dry paint film when applying conductive paste to a ceramic base 
material consists only of this conductive metal powder ~ by the daily dose which becomes higher than the 
filling factor of the powder ingredient for formation a kind the mean particle diameter of whose particle size 
distribution is below the abbreviation quadrants of the mean particle diameter of this conductive metal 
powder unlike this conductive metal powder, or two sorts or more of abbreviation ~ the conductive paste 
manufacture approach performed by adding spherical metal powder and/or ceramic powder. 
[Claim 2] a conductor — the conductive paste which uses the powder ingredient for formation as a principal 
component — it is — the conductor — the powder ingredient for formation It is what makes spherical 
conductive metal powder a subject, abbreviation which has predetermined particle size distribution and 
mean particle diameter ~ this conductive paste can be set to the dry paint film which applied to the ceramic 
base material and was obtained - this ~ a conductor - the conductor with which the filling factor of the 
powder ingredient for formation consists only of this conductive metal powder ~ by the daily dose which 
becomes higher than the filling factor of the powder ingredient for formation a kind the mean particle 
diameter of whose particle size distribution is below the abbreviation quadrants of the mean particle 
diameter of this conductive metal powder unlike this conductive metal powder, or two sorts or more of 
abbreviation — the conductive paste with which spherical metal powder and/or ceramic powder are added 
and constituted by this conductive metal powder. 

[Claim 3] a conductor — the conductive paste which uses the powder ingredient for formation as a principal 
component — it is — the conductor — the powder ingredient for formation It is what makes spherical 
conductive metal powder a subject, abbreviation which has predetermined particle size distribution and 
mean particle diameter ~ The conductive metal powder Spherical metal powder is added and constituted by 
this conductive metal powder, substantial ~ the abbreviation for the same presentation — a kind the mean 
particle diameter of whose it is spherical metal powder and particle size distribution is below the 
abbreviation quadrants of the mean particle diameter of this conductive metal powder unlike this conductive 
metal powder, or two sorts or more of abbreviation — here ~ the content of this conductive metal powder — 
a conductor — more than 75wt% of the whole powder ingredient for formation — it is — this — substantial ~ 
the abbreviation for the same presentation - the content of spherical metal powder - a conductor — the 
conductive paste which is less than [ of the whole powder ingredient for formation / 25wt% ]. 
[Claim 4] a conductor — the conductive paste which uses the powder ingredient for formation as a principal 
component — it is — the conductor — the powder ingredient for formation It is what makes spherical nickel 
powder a subject, abbreviation which has predetermined particle size distribution and mean particle 
diameter — Spherical metal powder and/or ceramic powder are added and constituted by this nickel powder, 
a kind the mean particle diameter of whose particle size distribution is below the abbreviation quadrants of 
the mean particle diameter of this nickel powder unlike this nickel powder, or two sorts or more of 
abbreviation ~ The volume of this metal powder added to this nickel powder here, and/or ceramic powder 
Conductive paste specified as volume of the barium titanate powder equivalent to the weight which is the 
barium titanate powder which has a mean diameter below the abbreviation quadrant of the mean diameter of 
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this nickel powder, and becomes less than [ of this nickel powder / 30wt% ]. 

[Claim 5] said conductor ~ abbreviation which accomplishes the subject of the powder ingredient for 
formation ~ the conductive paste according to claim 4 which the mean particle diameter of spherical nickel 
powder is 0.2-1 .0 micrometers, and contains the conductive metal powder which has the mean particle 
diameter below the abbreviation quadrant of the mean particle diameter of this nickel powder, and the 
dielectric powder of a barium titanate system as said metal powder and ceramic powder. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the conductive paste used for the application which forms 
conductors (intemal electrode etc.) in the ceramic electronic parts (various circuit elements are included.) of 
a stacked type ceramic condenser and others, and its manufacture approach. Moreover, it is related with 
manufacture of the ceramic electronic parts which used the conductive paste concerned. 
[0002] 

[Description of the Prior Art] In connection with a miniaturization and elaboration of electronic equipment 
in recent years, the miniaturization of ceramic electronic parts, high-capacity-izing, and high-performance- 
izing of the stacked type ceramic condenser ceramic (henceforth "MLCC") used for it are desired, the shape 
of film, such as an electrode with which one condition for realizing this is formed in such ceramic electronic 
parts, and wiring, — a conductor (the conductor formed in the shape of a film — it says general.) It is below 
the same. It is forming on a ceramic base material (dielectric layer) still more thinly than before, without 
spoiling electrical characteristics and a mechanical property, such [ on the other hand / as a plan ] shape of 
and film for satisfying these conditions — amelioration and modification of the physical properties of the 
conductive paste itself which is an ingredient for forming a conductor, and a presentation are mentioned. 
[0003] JP,6-290985,A and JP,6-50702,B - nickel - a conductor - it is conductive paste of the MLCC 
intemal electrode formation application used as the principal component of formation, and the conductive 
paste characterized by adding metallic oxides various at a predetermined rate to the nickel powder 
concemed is indicated. According to this conductive paste, it is indicated by these official reports that 
generating of the exfoliation destruction said to the ceramic electronic parts after baking as a crack or 
delamination can be prevented, moreover, to JP,1 1-2 14242, A In order to aim at generating prevention of the 
delamination of the thin film conductor formed on the ceramic base material, and improvement in a heat- 
resistant impact property (the shape of film [ Namely, also after about 300-degree C high temperature 
processing (soldering etc.) ] heat-resistant property of being hard to make a conductor generating a crack) a 
conductor ~ formation ~ a principal component — the conductive paste characterized by adding the powder 
which changes from the metal powder of Ti, Zr, Ta, Hf, Nb, or rare earth elements or those carbide, a 
nitride, a boride, a silicide, etc. to nickel powder is indicated, moreover — JP,10-144561,A — nickel — a 
conductor — it is conductive paste of the MLCC external electrode (terminal electrode) formation 
application used as the principal component of formation, and the conductive paste characterized by adding 
symbiosis grounds (namely, powder which consists of the same mineral constituent as a ceramic base 
material) various at a predetermined rate to the nickel powder concemed is indicated. According to this 
conductive paste, while securing the good conductivity of an intemal electrode and an external electrode, it 
is indicated by the official report concemed that MLCC excellent in the adhesion of the extemal electrode 
and a ceramic base material concemed can manufacture. 
[0004] 

[Problem(s) to be Solved by the Invention] however, conductive paste given in each above-mentioned 
official report — each — the shape of film — a conductor — it was not developed paying attention to the 
lamination of the very thing, for this reason, conductive paste given in these official reports — the shape of 
film comparatively thinner than before ~ the case where a conductor is formed ~ the conventional shape of 
comparatively thick film — the same electrical characteristics or same mechanical property as a conductor 
are not secured, the shape of namely, film — while carrying out lamination of the conductor further, in order 
to hold electrical characteristics (conductivity) and a mechanical property (bond strength) on practically 
sufficient level ~ the shape of film ~ it is necessary to raise the filling factor (consistency) of the inorganic 
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and the metal system powder ingredient (the following ~ a conductor — it is called powder ingredient" 
for formation) which forms a conductor if it does not possess, sufficient filling factor, i.e., precision, ~ the 
shape of film — the intemal structure of a conductor ~ a rough next door and a result ~ the contraction at the 
time of baking (burned) — a conductor — it is because it becomes easy to generate the minute crack and pore 
leading to an electric open circuit or conductivity lowering inside. There is also a possibility of adhesion 
(bond strength) with a ceramic base material falling furthermore, and reducing a mechanical property, the 
starting shape of and film which forms electric and the nonconformity about a mechanical property — it 
actualizes more, so that the thickness of a conductor is thin, being appropriate — alike ~ invention given in 
each above-mentioned official report - each ~ this conductor - it is not taking into consideration about the 
improvement in a filling factor of the powder ingredient for formation. 

[0005] then - while the place which this invention is created that the trouble about conventional conductive 
paste which was mentioned above should be solved, and is made into the object is conductive paste for 
forming a conductor in a ceramic base material and the electrical characteristics and/or the mechanical 
property of practically sufficient level are maintained - the shape of precise film thinner than before — it is 
offering the conductive paste which can form a conductor. Moreover, other objects of this invention are 
offering the approach of manufacturing such conductive paste. Moreover, other objects of this invention are 
offering the approach of manufacturing ceramic electronic parts using such conductive paste. 
[0006] 

[Means for Solving the Problem] the conductor with which this invention person constitutes a paste ~ 
making suitable the particle size distribution of the powder ingredient for formation, i.e., a conductor, — it 
came to create a header and this invention for the ability of improvement in the above-mentioned filling 
factor to be achieved by implementation of the suitable particle size blending at the time of preparing the 
powder ingredient for formation. And this invention offers the conductive paste manufacture approach 
specified as follows in order to attain the above-mentioned object, namely, the approach offered by this 
invention ~ a conductor ~ the manufacture approach of the conductive paste which uses the powder 
ingredient for formation as a principal component - it is ~ the conductor - the process which prepares the 
powder ingredient for formation, and the process which distributes the powder ingredient concerned to a 
vehicle are included. As opposed to spherical conductive metal powder and the conductor — abbreviation 
which has the predetermined particle size distribution and the mean particle diameter to which preparation 
of the powder ingredient for formation accomplishes the subject of the powder ingredient concemed ~ the 
conductor in the case of consisting only of the conductive metal powder with which the filling factor of the 
powder ingredient concemed in the dry paint film when applying conductive paste to a ceramic base 
material accomplishes the above-mentioned subject - by the daily dose which becomes higher than the 
filling factor of the powder ingredient for formation a kind the mean particle diameter of whose particle size 
distribution is below the abbreviation quadrants of the mean particle diameter of the conductive metal 
powder concemed unlike the conductive metal powder concemed, or two sorts or more of abbreviation — it 
is carried out by adding spherical metal powder and/or ceramic powder. 

[0007] In addition, when calling it "mean particle diameter" about specification of this invention, the rough 
value drawn based on the particle diameter of the primary particle which constitutes powder (fine particles) 
is said. Typically, the mean particle diameter estimated based on electron microscope observation of SEM 
etc. is said, moreover, this description ~ setting - "abbreviation - spherical powder" means having the 
configuration in which more than 70wt% of the particle (primary particle) which constitutes the powder 
concemed is similar to a ball or it. The case where more than 70wt% of the particle which constitutes the 
powder concemed typically is 80% or more of aspect ratios (namely, ratio of the minor axis to the major 
axis of a particle) is said. Moreover, what the particle diameter of most constituent particles (70wt(s)% 
[ Typically ] of powder more than) differs mutually between two powder (two components) compared with 
"particle size distributions differ" in this description (it does not overlap) is said, the case where the two 
particle-size-distribution curves (an axis of abscissa is generally expressed on the coordinate plane where 
particle diameter is shown and an axis of ordinate shows particle abundance) concemed of each powder do 
not lap in the direction of an axis of abscissa substantially, or only the end section specifically laps is said. 
Therefore, when two powder with which particle size distributions differ in mutual [ which is defined in this 
description ] is mixed, typically, it sees to the predetermined part (part typically corresponding to the mean 
particle diameter of each powder before mixing) which two peaks isolated mutually in the particle-size- 
distribution curve. 

[0008] As opposed to spherical conductive metal powder (henceforth "base-metal powder") this conductive 
paste manufacture approach - a conductor - abbreviation which accomplishes the subject of the powder 
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ingredient for formation - By having different particle size distribution and adding the metal powder and/or 
the ceramic powder (these detailed powder being named the "restoration auxiliary detailed powder" 
generically below) the mean particle diameter of whose is below the abbreviation quadrant of base-metal 
powder a conductor — the filling factor in the above-mentioned paint film which consists of the powder 
ingredient for formation can be improved, according to the conductive paste obtained by this manufacture 
approach by this ~ a ceramic base material top — the high paint film of restoration nature, i.e., the shape of 
film of precise structure, — a conductor can be formed, the shape of for this reason, film with the conductive 
paste thinner than before obtained by this manufacture approach — formation of a conductor can be realized, 
without spoiling electrical characteristics and/or a mechanical property. 

[0009] Moreover, the following conductive paste is offered as other side faces of this invention on the basis 
of the above-mentioned manufacture approach, one [ namely, ] of the conductive paste offered by this 
invention — a conductor ~ the conductive paste which uses the powder ingredient for formation as a 
principal component — it is — the conductor ~ abbreviation whose powder ingredient for formation has 
predetermined particle size distribution and mean particle diameter — let spherical conductive metal powder 
be a subject, and the conductor concemed in the dry paint film which applied this conductive paste to the 
ceramic base material, and was obtained — the conductor with which the filling factor of the powder 
ingredient for formation consists only of the conductive metal powder concemed — a kind the mean particle 
diameter of whose particle size distribution is below the abbreviation quadrants of the mean particle 
diameter of the conductive metal powder concemed by the daily dose which becomes higher than the filling 
factor of the powder ingredient for formation unlike the conductive metal powder concemed, or two sorts or 
more of abbreviation — spherical metal powder and/or ceramic powder — being concemed ~ a subject — it is 
added and constituted by conductive metal powder. 

[0010] In the conductive paste of this invention of this configuration, the limit which restoration auxiliary 
detailed powder contributes to the improvement in a filling factor to base-metal powder is exceeded, and 
amount addition is carried out [ there is nothing and ]. this ~ the conventional base-metal powder - the 
shape of independent or film which consists of powder and other metals concemed, or mixture with ceramic 
powder (optimization of particle size blending or mean particle diameter has not been performed like this 
invention) — while maintaining electrical characteristics and a mechanical property as compared with a 
conductor — the shape of thinner film — a conductor can be formed on a ceramic base material, the shape of 
therefore, a thin film which can satisfy a demand called the miniaturization of ceramic electronic parts, high- 
capacity-izing, and high-performance-izing of MLCC and others on high level according to the conductive 
paste of this invention — a conductor can be formed. 

[001 1] Other one [ moreover, ] of the conductive paste offered by this invention a conductor ~ the 
conductive paste which uses the powder ingredient for formation as a principal component — it is — the 
conductor — the powder ingredient for formation It is what makes spherical conductive metal powder a 
subject, abbreviation which has predetermined particle size distribution and mean particle diameter - The 
conductive metal powder substantial ~ the abbreviation for the same presentation - a kind the mean particle 
diameter of whose it is spherical metal powder and particle size distribution is below the abbreviation 
quadrants of the mean particle diameter of the conductive metal powder concemed unlike the conductive 
metal powder concemed, or two sorts or more of abbreviation — spherical metal powder is added and 
constituted by the conductive metal powder concemed. and the content of the above-mentioned conductive 
metal powder ~ a conductor — more than 75wt% of the whole powder ingredient for formation ~ it is - the 
above — substantial — the abbreviation for the same presentation the content of spherical metal powder — 
a conductor — it is characterized by being less than [ of the whole powder ingredient for formation / 
25wt% ]. With the conductive paste of this configuration, the detailed metal powder of the same 
presentation (therefore, it is the meaning which permits the existence of a minor constituent, its qualitative 
difference, etc.) is [ base-metal powder and ]****** rare ****** as restoration auxiliary detailed powder 
substantially. According to the conductive paste of this configuration, by this, the conductor of the shape of 
a thin film which has high electrical characteristics (conductivity) can be formed. 

[0012] moreover, what [ other ] is desirable as conductive paste offered by this invention — a conductor — 
the conductive paste which uses the powder ingredient for formation as a principal component - it is - the 
conductor ~ abbreviation whose powder ingredient for formation has predetermined particle size 
distribution and mean particle diameter - let spherical nickel powder be a subject (henceforth "nickel 
paste"), and a kind the mean particle diameter of whose of this nickel paste particle size distribution is below 
the abbreviation quadrants of the mean particle diameter of the nickel powder concemed unlike the nickel 
powder concemed, or two sorts or more of abbreviation — spherical metal powder and/or ceramic powder 
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are added by the nickel powder concerned. It ** and the volume (daily dose) of the above-mentioned metal 
powder added to the above-mentioned nickel powder and/or ceramic powder is shown by barium titanate 
powder conversion. That is, it is specified as volume of the barium titanate powder equivalent to the weight 
(mass) which is the barium titanate powder which has a mean diameter below the abbreviation quadrant of 
the mean diameter of the nickel powder concerned, and becomes less than [ of the nickel powder 
concemed / 30wt% ]. 

[0013] In nickel paste of the above-mentioned configuration, to base-metal powder slack nickel powder, the 
metal powder and/or the ceramic powder (namely, barium titanate the type) as restoration auxiUary detailed 
powder are added so that it may become the above-mentioned daily dose by barium titanate powder 
conversion, the conductor which makes nickel powder a subject by the particle size blending beised on this 
volume ratio - nickel which the filling factor of the charge of formation lumber may be raised, as a result is 
formed in a ceramic base material — the ebumation of a conductor is realizable. For this reason, according to 
the nickel paste of this invention, the conductor of the shape of a thin film which can satisfy the demand 
concerning the miniaturization of ceramic electronic parts, high-capacity-izing, and high-performance-izing 
of MLCC and others on high level can be formed with the base metal (nickel) which is excellent in a cost 
side. For this reason, small(slim )-izing and low-pricing of ceramic electronic parts can be attained. 
[0014] moreover — a thing desirable as a nickel paste of this invention — the above ~ a conductor — 
abbreviation which accomplishes the subject of the powder ingredient for formation — it is characterized by 
the mean particle diameter of spherical nickel powder containing the conductive metal powder which is 0.2- 
1 .0 micrometers and has the mean particle diameter below the abbreviation quadrant of the mean particle 
diameter of the nickel powder concemed as the above-mentioned metal powder and ceramic powder, and 
the dielectric powder of a barium titanate system, nickel of the shape of a thin film which is excellent in a 
mechanical strength with the high bond strength to a ceramic base material (thing containing especially 
barium titanate) according to the nickel paste of this configuration — a conductor can be formed, moreover, 
the shape of a high density thin film nickel which is excellent in electrical characteristics, such as 
conductivity, with the combination of nickel powder and conductive metal powder (typically detailed nickel 
powder) according to the nickel paste of this configuration — a conductor can be formed. 
[0015] Moreover, the manufacture approach of the ceramic electronic parts of MLCC and others which are 
characterized by using the conductive paste (each conductive paste above-mentioned [ the example of a 
type ]) obtained by the above-mentioned paste manufacture approach as other side faces of this invention is 
offered. Typically, by this manufacture approach, the process which calcinates the process which applies the 
conductive paste conceming above-mentioned this invention to a ceramic base material, and the applied 
paste principal component (namely, the conductor by which high restoration was carried out powder 
ingredient for formation) concemed is included, the shape of a thin film which is excellent in electrical 
characteristics and the mechanical property corresponding to a miniaturization, high-capacity-izing, and 
high-performance-izing according to this manufacture approach — the ceramic electronic parts of MLCC 
and others with which the conductor was formed can be manufactured and offered, moreover, the conductor 
for preparing the conductive paste of this invention as other side faces of this invention - the powder 
ingredient for formation and its manufacture approach are offered, the conductor used for the conductive 
paste manufacture approach which mentioned the example of a type above — each conductive paste which is 
a powder ingredient for formation and was fiirther mentioned above is main ~ a component — a conductor ~ 
the conductor which is a powder ingredient for formation and is specified as each claim like a publication — 
they are a powder ingredient for formation, and its manufacture approach. 
[0016] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this invention is explained. 
[0017] the conductive paste of this invention — a principal component ~ a conductor — as a powder 
ingredient for formation the technique of screen printing and others — a ceramic base material (an alumina 
substrate — ) the conductor in the dry paint film or its baking object of the paste origin applied to the glass 
substrate etc. ~ in order to raise the filling factor (the maximum filling factor) of the powder ingredient for 
formation abbreviation whose mean particle diameter it is different particle size distribution to the base- 
metal powder which has predetermined particle size distribution and mean particle diameter, and is below 
the quadrant (desirable - 1 of a quadrant - 8 minutes — especially — 1/6 to about 1/8) of the base-metal 
powder concemed — spherical restoration auxiliary detailed powder that specified quantity addition should 
just be carried out A limit is not prepared especially in the class or size (particle size) of base-metal powder 
and restoration auxiliary detailed powder. 

[0018] for example, abbreviation which has the mean diameter of mum order (typically 1.0-10 micrometers) 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi ejje 1/23/2006 



JP,2002-245874,A [DETAILED DESCRIPTION] 



Page 5 of 1 1 



— each conductive base-metal powder, such as a conductive exotic powdered metal which consists of 
spherical silver, gold, platinum, palladium, or those alloys, and nickel, copper, can be suitably used as 
conductive metal powder (base-metal powder) concerning this invention. The meaning which applies this 
invention to the conductive paste which uses base metal, such as nickel, as a principal component, and its 
preparation when attaining low cost-ization of ceramic electronic parts, such as MLCC manufactured, is 
large, moreover ~ without it spoils electrical characteristics (conductivity etc.) and mechanical properties 
(bond strength etc.) ~ the shape of film comparatively thinner than before — the conductive metal powder 
which has the mean particle diameter of submicron order (preferably 0.1-1.0 micrometers) from a viewpoint 
of forming a conductor is suitable especially as base-metal powder. For example, when using nickel paste of 
this invention for applications, such as internal electrode formation of MLCC, as for the mean particle 
diameter of base-metal powder slack nickel powder, it is desirable that it is 0.2-1 .0 micrometers, and it is 
desirable that it is especially 0.4-0.6 micrometers (for example, 0.5 micrometers). Moreover, as for the 
specific surface area (based on BET) of nickel powder, it is desirable that it is l-10m2/g. 
[0019] As restoration auxiliary detailed powder added by such base-metal powder on the other hand It can 
contribute to the improvement in a filling factor of the base-metal powder (conductor powder ingredient for 
formation) to be used, abbreviation whose mean particle diameter the base-metal powder concerned and 
particle size distribution differ from each other, and is extent below the quadrant (preferably 1 / 4 - 1/8, 
especially 1 / 6 - 1/8) of that of the base-metal powder concemed — it is not limited to specific metal and 
ceramic powder that what is necessary is just spherical detailed powder. Although it may differ according to 
the application to be used, the spherical detailed powder of various dielectric powder metallurgy group 
oxides can be used, for example as this restoration auxiliary detailed powder. In addition, as this restoration 
auxiliary detailed powder, what does not spoil remarkably the conductivity (low resistivity) of the 
conductive paste of this invention, solder wettability, solder thermal resistance, bond strength, etc. is 
desirable. For example, as ceramic powder, glass powder, an inorganic oxide (metallic oxide), etc. are 
mentioned. For example, as a metallic oxide, oxides, such as aluminum, Zr, Ti, Si, Pb, Fe, W, Mn, Bi, Nb, 
Ta, Mo, calcium, Sr, Ba, and Mg, or a high-melting rare earth (namely, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) oxide is mentioned. Moreover, as dielectric powder, such mixture etc. is 
mentioned to carbide, such as nitrides, such as a common ingredient with the ceramic base material to be 
used, for example, the oxide of a barium titanate system, silicon nitride, and alumimium nitride, and silicon 
carbide, and titanium carbide, and a list, the shape of film formed from the conductive paste of this 
invention by adding the above ceramic powder (the above-mentioned metallic oxide being included) — 
thermal resistance, bond strength, etc. of a conductor can be raised further. 

[0020] Moreover, base-metal powder and the metal powder (typically the same or the end of spherical 
powder when it consists of similar raw materials, and specific gravity is the same as that of base-metal 
powder or the detailed metal powder to approximate, and particle size distribution and mean particle 
diameter differ from base-metal powder) which is the same presentation substantially are included by the 
metal powder which can be used as restoration auxiliary detailed powder, without it spoils the physical 
properties of the electrical characteristics which the metal powder concemed has, and others by what the 
metal powder of the real same presentation from which this mean particle diameter and particle size 
distribution are different is combined for (it mixes) — base-metal powder — the shape of film which is more 
precise and is excellent in a mechanical strength or conductivity as compared with the powder ingredient 
which changes since independent ~ a conductor can be formed. In addition, the particle size distribution and 
mean particle diameter of restoration auxiliary detailed powder to be used are specified according to the 
target particle size distribution and mean particle diameter of base-metal powder. For example, when mean 
particle diameter uses as base-metal powder metal powder which is 0.5 micrometers, a thing with a mean 
particle diameter of 0.125 micrometers or less can be used as restoration auxiliary detailed powder. 
[0021] By the way, the sharp thing of particle size distribution of the powder ingredient used as base-metal 
powder and restoration auxiliary detailed powder from a viewpoint on a restoration disposition is desirable. 
It is because the thing of sharp (narrow) particle size distribution can perform proper particle size blending 
to accuracy more. Although it does not limit especially, when mean particle diameter uses as base-metal 
powder metal powder which is about 0.5 micrometers, for example 70% of the whole abbreviation and the 
particle beyond it 60 - 140% of size range of the mean particle diameter concemed (preferably 80 - 120% of 
size range of the mean particle diameter concemed). The thing of sharp particle size distribution to which 
70% of the whole abbreviation and the particle beyond it specifically belong to the range of 0.3-0.7 
micrometers (preferably particle size of 0.4-0.6 micrometers) particle size is desirable. Moreover, when 
mean particle diameter uses as base-metal powder metal powder which is about 1.0 micrometers, the thing 
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of sharp particle size distribution to which 70% of the whole abbreviation and the particle beyond it belong 
to the range of 0.6-1 .4 micrometers (preferably particle size of 0.8-1 .2 micrometers) particle size is 
desirable. Although a thing with a mean particle diameter of 0.125 micrometers or less (preferably 0.125- 
0.0625 micrometers, more preferably 0.083-0.062 micrometers) can be used as restoration auxiliary detailed 
powder in the case of on the other hand using the base-metal powder whose above-mentioned mean particle 
diameter is about 0.5 micrometers The size range 70% of the whole abbreviation and whose particle beyond 
it are about 60 - 140% of the mean particle diameter concerned (preferably about 80 - 120% of size range), 
Mean particle diameter is specifically 0.125 micrometers of abbreviation, and the thing of sharp particle size 
distribution to which 70% of the whole abbreviation and the particle beyond it belong to the range of 0.075- 
0.15 micrometers (preferably particle size of 0.1-0.15 micrometers) particle size is desirable. Although a 
thing with a mean particle diameter of 0.25 micrometers or less (preferably 0.25-0.125 micrometers, more 
preferably 0.25-0.167 micrometers) can be used as restoration auxiliary detailed powder in the case of 
similarly using the base-metal powder whose above-mentioned mean particle diameter is about 1 .0 
micrometers About 60 - 140% of size range of the mean particle diameter concerned (preferably about 80 - 
120% of size range of the mean particle diameter concerned), The thing of sharp particle size distribution to 
which 70% of the whole abbreviation and the particle beyond it specifically belong to the range of 0.075- 
0.175 micrometers (preferably particle size of 0.1-0.15 micrometers) particle size is desirable. 
[0022] in addition — if in charge of operation of this invention — both base-metal powder and restoration 
auxiliary detailed powder - abbreviation - as long as it is spherical, those manufacture approaches are not 
restricted. For example, spherical ceramic powder, such as spherical metal powder of nickel and others, and 
a silica, an alumina, receives suitably what was manufactured by the approach leamed conventionally, and it 
should just be used for it. For example, the so-called spray drying method is mentioned as one of the 
common knowledge approaches which manufactures the ceramic particle of a spherical silica and others. 
Moreover, metal powder, such as nickel powder, can be manufactured with evaporative decomposition or 
the so-called CVD method. In operation of this invention, the end of spherical powder it was manufactured 
by the approach of these known can come to hand suitably (manufacture or purchasing), and can be used. 
[0023] next, the conductor which is the principal component of the conductive paste of this invention — 
preparation of the powder ingredient for formation is explained. This powder ingredient is a powder 
ingredient constituted by adding the restoration auxiliary detailed powder of description which was 
mentioned above to that principal component slack base-metal powder. What is necessary is to ** and to 
just be set up about the addition of this restoration auxiliary detailed powder within limits which fulfill the 
following conditions, namely, the conductor with which the filling factor (the shape of as a result, film after 
baking precision of a conductor) of the powder ingredient concerned in the dry paint film obtained when the 
conductive paste of this invention is applied to a ceramic base material consists only of base-metal powder - 
- what is necessary is just to set up an addition in the range which becomes higher than the filling factor of 
the powder ingredient concerned in the dry paint film obtained when the paste of the powder ingredient for 
formation is applied to a ceramic base material As generally mentioned above between the base-metal 
powder and restoration auxiliary detailed powder to be used, when there is a difference between suitable 
mean particle diameter and particle size distribution, according to the addition of the restoration auxiliary 
detailed powder concemed, the above-mentioned filling factor improves until it reaches a predetermined 
addition, therefore, operation of this invention — in — the addition (content) of restoration auxiliary detailed 
powder can be determined that what is necessary is just to be (the conductor which consists only of base- 
metal powder also with the addition exceeding the predetermined addition concemed, of course as 
mentioned above - what is necessary is just the range where the filling factor of the powder ingredient in a 
dry paint film becomes high from the case where the paste of the powder ingredient for formation is used), 
without requiring too much experiment until it results in the predetermined addition concemed. although it 
is not what is limited especially — as restoration auxiliary detailed powder — base-metal powder — 
substantial - the abbreviation for the same presentation - the case where spherical metal powder is used - 
the content - a conductor - the amount used as less than [ of the whole powder ingredient for formation / 
25wt% ] - desirable - a conductor - it is good to add the amount which becomes 5 - 20wt% of the whole 
powder ingredient for formation (especially preferably 15 - 20wt%). a conductor - it is [ in the case of the 
addition which are / a possibility that the restoration auxiliary detailed powder of the amount of volume 
exceeding the gap between particles of base-metal powder may be added ] and is not more desirable than 
25wt(s)% of the whole powder ingredient for formation. It is because a filling factor may fall to reverse by 
existence of the restoration auxiliary detailed powder which cannot finish going into the gap concemed 
(refer to the below-mentioned example), in addition, the above - it is shown that an addition with them is 
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desirable in operation of this invention. [ to it ] [ than the theoretical value concerned ] [ comparatively 
more / the upper limit of a suitable addition is higher than the theoretical value concerning the maximum 
filling factor of the binary system fi-om which particle size differs to mutual, and ] In addition, the 
theoretical value (theoretical addition) applied to the maximum filling factor of binary system here is 
calculated as follows. That is, in the cubic-closest-packing structure which has arranged the ball (prirnary 
ball) of a radius rl at each lattice point of a face-centered cubic lattice, a filling factor is 74.05% and voidage 
becomes 25.95%. On the other hand, when the greatest particle which can be arranged in the clearance 
concerned in the clearance between the primary balls which constitute the cubic-closest-packing structure 
concemed (namely, center-of-gravity location of the regular tetrahedron which consists of the primary ball 
which adjoins mutually), i.e., the particle of the path which touches the each first ball which adjoins 
centering on the center-of-gravity location concemed, (restoration auxiliary particle) has been arranged, the 
filling factor becomes 81.00% and voidage becomes 19.00%. That is, the part (6.95%) which deducted the 
filling factor (74.05%) of cubic-closest-packing structure fi-om the filling factor (81 .00%) concemed serves 
as volume of the above-mentioned restoration auxiliary particle. From this, the theoretical addition of 
restoration auxiliary detailed powder (equivalent to the above-mentioned restoration auxiliary particle) to 3 
is drawn with 3 9.39cm based on 74.05:6.95**100:9.39 100cm (equivalent to the up Norikazu following 
ball) of base-metal powder. 

[0024] Moreover, when applying this invention to nickel paste, the addition of the restoration auxiliary 
detailed powder to base-metal powder slack nickel powder (nickel powder whose mean particle diameter is 
0.2-1.0 micrometers preferably, nickel powder whose mean particle diameter is 0,5 micrometers of 
abbreviation especially preferably) can be specified as volume in the barium titanate powder conversion 
which have preferably the mean particle diameter of the size which becomes below the abbreviation 
quadrant of the mean particle diameter of the nickel powder concemed. lOOg (1cm 3**8.9g) of for example, 
nickel powder whose mean particle diameter is 0.5 micrometers under ordinary temperature ordinary 
pressure Therefore, the suitable addition of the restoration auxiliary detailed powder added to 3 lOOg ** 
1 1 .2cm It is generalizable as a capacity (it is 3 5.0cm by the case where they are the barium titanate powder 
conversion which are 30g) which the barium titanate powder (1cm 3**6.0g) of the weight (namely, 30g or 
less) equivalent to less than [ of the nickel powder concemed / 30wt% ] occupies, the conductor used for 
nickel paste of this invention by these barium titanate conversion — it can determine with the powder 
ingredient for formation, without repeating an excessive experiment and performing an addition (volume) 
suitable (namely, - irrespective of the size of the specific gravity of the powder concemed) irrespective of 
the class of restoration auxiliary detailed powder. 

[0025] the conductor which ** and is applied to this invention — the powder ingredient for formation can be 
easily obtained by mixing the base-metal powder of the specified quantity, and the restoration auxiliary 
detailed powder of a suitable addition, in addition, before this mixed processing distributes a powder 
ingredient to a vehicle, it may be performed independently, or it may be performed by combining with the 
distribution to the vehicle concemed (namely, ~ in this case — a conductor — the preparation process of the 
powder ingredient for formation and the distributed process to the vehicle of the powder ingredient 
concemed are performed simultaneously). In addition, the powder mixing means usually used from the 
former as this mixed approach can be especially used without a limit. For example, it is good to use various 
mixers, mills, etc. (for example, planetary mill), and to agitate and mix these powder, thus, the prepared 
conductor — typically with the powder ingredient for formation, two or the peak beyond it is accepted in the 
particle-size-distribution curve, the conductor which this requires for this invention — the powder ingredient 
for formation can become one index which shows that it is the multicomponent system ingredient which 
mixed two or the powder beyond it with which particle size distributions differ mutually. 
[0026] Next, the accessory constituent which constitutes the conductive paste of this invention is explained, 
the above which contributes the conductive paste of this invention to the improvement in a filling factor ~ a 
conductor — the same matter as the conventional conductive paste other than the powder ingredient for 
formation may be contained as an accessory constituent, as the indispensable accessory constituent of the 
conductive paste of this invention — the above — a conductor - the organic medium (vehicle) which 
distributes the powder ingredient for formation is mentioned, if in charge of operation of this invention — 
this organic vehicle ~ a conductor — what is used for conventional conductive paste can be especially used 
without a limit that what is necessary is just what distributes the powder ingredient for formation. For 
example, high-boiling point organic solvents, such as cellulose type giant molecules, such as ethyl cellulose, 
ethylene glycol and a diethylene-glycol derivative, toluene, a xylene, a mineral spirit, butyl carbitol, and 
terpineol, are mentioned. 
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[0027] Moreover, unless the conductivity (low resistivity) of the paste concerned, solder wettability, solder 
thermal resistance, bond strength, etc. are spoiled remarkably, various organic additives can be included in 
the conductive paste of this invention as an accessory constituent. For example, as this organic additive, 
various coupling agents, such as a silicon system aiming at the improvement in adhesion with various kinds 
of organic binders (a binder which may overlap the above-mentioned vehicle and is different separately may 
be added), and a ceramic base material, a titanate system, and an aluminum system, etc. are mentioned. As 
an organic binder, what uses acrylic resin, an epoxy resin, phenol resin, alkyd resin, a cellulose type giant 
molecule, polyvinyl alcohol, etc. as the base is mentioned, for example. What can give good viscosity and 
paint film (adhesion film to base material) organization potency to the conductive paste of this invention is 
suitable. Moreover, various photopolymerization nature compounds and photopolymerization initiators may 
be added suitably to give a photoresist (photosensitivity) to the conductive paste of this invention. 
[0028] In addition, to the conductive paste of this invention, a surfactant, a defoaming agent, a plasticizer, a 
thickener, an antioxidant, a dispersant, polymerization inhibitor, etc. can be suitably added if needed other 
than the above. Detailed explanation is omitted that these additives should just be what may be used for 
preparation of conventional conductive paste. 

[0029] Next, preparation of the conductive paste of this invention is explained, the conductive paste of the 
former [ conductive paste / of this invention ] — the same — typical — the above — a conductor — it can 
prepare easily by mixing with an organic medium (vehicle) with the powder ingredient for formation. In 
addition, you may add to a vehicle independently and base-metal powder and restoration auxiliary detailed 
powder may add what mixed and obtained these beforehand. At this time, it is good to add and mix an 
additive which was mentioned above if needed, for example, the kneading machine of 3 roll mills and others 
— using — a conductor — the powder ingredient for formation and various additives are directly mixed with a 
predetermined compounding ratio with an organic vehicle, and the conductive paste of this invention may be 
prepared by what is made to scour each other mutually (it kneads). 

[0030] the shape of next, film using the conductive paste of this invention — a conductor — the suitable 
example concerning formation (namely, manufacture of ceramic electronic parts) is explained, the 
conductive paste of this invention — the base material (substrate) top made from a ceramic — the shape of 
film, such as wiring and an electrode, — it can be dealt with like the conductive paste conventionally used 
for forming a conductor, and a well-known approach can be conventionally adopted especially without a 
limit. Typically, by screen printing, the dispenser applying method, etc., as it becomes the configuration and 
thickness for which it asks, a ceramic base material (substrate) is plastered with conductive paste. 
Subsequently, the applied paste component is calcinated and (burned) stiffened by carrying out 
predetermined time heating on desirable heating conditions (it being 1 100-1300 degrees C preferably by 
nickel paste, although the 600-1300 degrees C of the highest burning temperature are 700-1000 degrees C 
typically in general) suitable after desiccation and in a heater. By performing this processing of a series of, 
the ceramic electronic parts (for example, the electrode of MLCC, a hybrid IC, the ceramic wiring board for 
construction of a multi chip module) with which the conductors (wiring, electrode, etc.) of the shape of thin 
film made into the object were formed are obtained. It **, and still more advanced ceramic electronic parts 
(for example, a hybrid IC and a multi chip module) can be obtained by applying the well-known 
construction approach conventionally, assembling the ceramic electronic parts concemed and using as an 
ingredient. In addition, since especially this construction approach itself is not what this invention is 
characterized, detailed explanation is omitted, the shape of in addition, film which excels the conventional 
thing in compactness as above-mentioned according to the conductive paste of this invention although 
application definition is not meant — a conductor can be formed. For this reason, thickness is suitable for the 
conductive paste of this invention not only for formation of the conductor which is about 10-30 micrometers 
but the application which forms the conductor of comparatively thin thickness 10 micrometers or less, the 
shape of for example, film which is excellent in the compactness of 1 .5-3-micrometer thickness desirable as 
a nickel internal electrode for MLCC — a conductor can be formed. 
[0031] 

[Example] It is not what meant hereafter limiting to what shows this invention to this example although 
some examples about this invention are explained. 

[0032] nickel paste which uses barium titanate powder as restoration auxiliary detailed powder as a 
<example 1> example 1 was prepared, namely, the conductor applied to lOOg of nickel powder whose mean 
diameter is about 0.4 micrometers at this example by [ which are equivalent to 10wt(s)% of the nickel 
powder concemed in the barium titanate powder whose mean diameter is about 0.1 micrometers ] carrying 
out amount (lOg) addition, and agitating and mixing — the powder ingredient for formation was prepared. 
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next, the conductor obtained the account of a top — nickel paste was prepared using the powder ingredient 
for formation, namely, final paste concentration (weight ratio) — a conductor ~ weighing capacity of these 
ingredients was carried out so that powder ingredient 55wt% for formation (nickel powder 50wt% and 
barium titanate powder 5wt%) and the remainder might serve as a solvent (42wt%) and a binder (resin: 
3wt%), and it kneaded using 3 roll mills, nickel paste conceming this example was prepared by this. 
[0033] <Example 1 of a comparison> Except for the mean particle diameter of the used barium titanate 
powder being about 0.2 micrometers, the same processing as the above-mentioned example 1 was 
performed, and nickel paste conceming this example of a comparison was prepared. 
[0034] without it adds the <example 2 of comparison> barium titanate powder — the above-mentioned 
nickel powder — as it is — a conductor — nickel paste which uses it as a powder ingredient for formation, and 
relates to this example of a comparison was prepared. In addition, final paste solid content concentration is 
the same as an example 1 . 

[0035] The paint film was formed on the glass base material using <assessment (the 1) of an example of trial 
1 :paint film consistency>, next nickel paste which relates to the examples 1 and 2 of a comparison at 
example 1 list, respectively, and the paint film consistency (g/cm3) was measured. That is, each conductive 
paste was applied based on screen printing general in the front face of a glass base material (substrate made 
from a soda lime whose thickness is about 1 .3mm), and the paint film of predetermined thickness was 
formed. Then, desiccation processing for 1 5 minutes was performed at 1 00 degrees C using the far-infrared 
dryer, this desiccation processing — a paint film to a solvent — volatilizing — a conductor — the dry paint 
film which consists of the powder ingredient for formation was obtained. Subsequently, the paint film 
consistency was computed by having measured paint film weight and paint film thickness about the 
obtained dry paint film. A result is shown in a table 1 . 
[0036] 
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5. 05 


4.6 5 
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[0037] The consistency of the dry paint film obtained from the conductive paste conceming an example 1 
far exceeded the consistency of the dry paint film obtained from each conductive paste of the example 1 of a 
comparison, and the example 2 of a comparison so that clearly from a table 1. this result — a base metal — 
powder — the conductor which constitutes a dry paint film by optimum-dose-adding and mixing the barium 
titanate powder whose mean diameter is below the quadrant of the powder concerned to nickel powder — the 
filling factor of the powder ingredient for formation — improving — obtaining — the shape of as a result, film 
~ it is shown that ebumation of the structure of a conductor can be carried out. On the other hand, the 
improvement in this filling factor, i.e., the densification of a dry paint film, is not only unrealizable, but in 
the conductive paste (example 1 of a comparison) which added and mixed barium titanate powder with a 
comparatively large particle size with which a mean diameter exceeds the quadrant of the above-mentioned 
nickel powder, and obtained it, decreasing a filling factor on the contrary rather than barium titanate powder 
a non-added thing (example 2 of a comparison) was checked (table 1 reference), 

[0038] nickel paste which uses nickel powder of the same presentation as restoration auxiliary detailed 
powder substantially as a <example 2> example 2 was prepared, namely, the conductor applied to this 
example by adding 9.4g (henceforth "subnickel powder") of nickel powder whose mean particle diameter is 
about 0.1 micrometers, and agitating and mixing to lOOg (henceforth "main nickel powder") of nickel 
powder whose mean particle diameter is about 0.5 micrometers — the powder ingredient for formation was 
prepared, namely, the conductor conceming this example — the content of subnickel powder (namely, metal 
powder equivalent to the above-mentioned restoration auxiliary detailed powder) of the powder ingredient 
for formation — a conductor — it is 8.6wt(s)% of the whole powder ingredient for formation, next, this 
conductor ~ the powder ingredient for formation was used, the same kneading processing as the above- 
mentioned example 1 was performed, and nickel paste conceming this example was prepared, 
[0039] the conductor applied to this example by adding 14,8g of subnickel powder, and agitating and mixing 
to lOOg of <example 3> main nickel powder — the powder ingredient for formation was prepared, namely, 
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the conductor concerning this example — the content of subnickel powder of the powder ingredient for 
formation — a conductor ~ it is 12.9wt(s)% of the whole powder ingredient for formation, next, this 
conductor — the powder ingredient for formation was used, the same kneading processing as the above- 
mentioned example 1 was performed, and nickel paste concerning this example was prepared. 
[0040] the conductor applied to this example by adding 20. 8g of subnickel powder, and agitating and mixing 
to 1 OOg of <example 4> main nickel powder — the powder ingredient for formation was prepared, namely, 
the conductor concerning this example — the content of subnickel powder of the powder ingredient for 
formation — a conductor — it is 17.2wt(s)% of the whole powder ingredient for formation, next, this 
conductor — the powder ingredient for formation was used, the same kneading processing as the above- 
mentioned example 1 was performed, and nickel paste concerning this example was prepared. 
[0041] the conductor applied to this example of a comparison by adding lOOg of subnickel powder, and 
agitating and mixing to lOOg of <example 3 of comparison> main nickel powder — the powder ingredient 
for formation was prepared, namely, the conductor concerning this example of a comparison — the content 
of subnickel powder of the powder ingredient for formation — a conductor — it is 50wt(s)% of the whole 
powder ingredient for formation, next, this conductor — the powder ingredient for formation was used, the 
same kneading processing as the above-mentioned example 1 was performed, eind nickel paste concerning 
this example of a comparison was prepared. 

[0042] without it adds <example 4 of comparison> secondary nickel powder — main nickel powder (it 
differs from what was used in the example 2 of a comparison) — as it is — a conductor — it was used as a 
powder ingredient for formation, the same kneading processing as the above-mentioned example 1 was 
performed, and nickel paste conceming this example of a comparison was prepared. 

[0043] The paint film consistency assessment trial was performed in <assessment (the 2) of an example of 
trial 2:paint film consistency>, next an example 2-4 lists using nickel paste conceming the examples 3 and 
4 of a comparison on the same conditions as the above-mentioned example 1 of a trial. A result is shown in 
a table 2. 



:0044] 
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[0045] Each consistency of each dry paint film obtained from each nickel paste conceming examples 2-4 
exceeded the consistency of the dry paint film obtained from each nickel paste of the example 3 of a 
comparison, and the example 4 of a comparison so that clearly from a table 2. the conductor which 
constitutes a dry paint film when it optimum-dose-adds and this result mixes subnickel powder whose mean 
particle diameter is below the quadrant of the powder concerned to main nickel powder — the filling factor 
of the powder ingredient for formation (namely, nickel powder) — improving ~ obtaining ~ as a result, the 
shape of film nickel — it is shown that ebumation of the structure of a conductor can be carried out. On the 
other hand, the improvement in this filling factor, i.e., the densification of a dry paint film, is not only 
unrealizable, but in nickel paste (example 3 of a comparison) which added and mixed subnickel powder of 
an excessive amount, and obtained it to main nickel powder, decreasing a filling factor on the contrary 
rather than subnickel powder non-added thing (example 4 of a comparison) was checked (table 2 reference). 

[0046] <Assessment [ of an example of trial 3:paint film consistency ] (the 3)> barium titanate powder 
(mean particle diameter of about 0. 1 micrometers) was used as ceramic add-in material (namely, restoration 
auxiliary detailed powder conceming this invention), some nickel pastes with which the additions differ 
mutually were prepared, and the relation of the addition and paint film consistency was investigated, 
namely, the conductor which total [ from which a barium titanate powder addition differs the above- 
mentioned barium titanate powder to lOOg of nickel powder whose mean diameter is about 0.4 micrometers 
Og, 7.5g, lOg, 12.5g, 15g, 17.5g, 20g, or by 30g's adding, and agitating and mixing ] eight - the powder 
ingredient for formation was prepared, subsequently, the same kneading processing as the above-mentioned 
example 1 ~ carrying out — these conductors — nickel paste was prepared from the powder ingredient for 
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formation, respectively. Subsequently, the paint film consistency assessment trial of each nickel paste was 
performed on the same conditions as the above-mentioned example 1 of a trial. A result is shown in a table 3 
and drawing 1 . 
0047] 
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[0048] As shown in a table 3 and drawing 1 , the dry paint film formed from nickel paste containing ceramic 
add-in material created in the example of an exam was higher-density than the dry paint film formed from 
nickel paste which has not added ceramic add-in material (barium titanate powder) at all. In especially 
nickel paste that added 10-20g and obtained ceramic add-in material to nickel lOOg, the densification of a 
dry paint film was remarkable. 
[0049] 

[Effect of the Invention] clear also from the above example — as — the conductor of this invention — the 
conductor which constitutes the dry paint film on a ceramic base material according to the conductive paste 
which makes a principal component the powder ingredient for formation, and it — the filling factor of the 
powder ingredient for formation can be raised conventionally, for this reason, the conductive paste of this 
invention — the shape of film of ceramic electronic parts, such as MLCC, ~ the shape of thin film of the 
precise structure of excelling in mechanical properties, such as electrical characteristics, such as 
conductivity, and bond strength, by applying to formation of a conductor — the ceramic electronic parts, 
with which the conductor was formed can be manufactured. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
dainages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 1] 



40 



[Translation done.] 
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€>aa«:ta^-r ^^--^ -5 Ai»^®?fs<i: urja 
[ 5 ] frt eiSftji^)iSffl*9**t*4®i (**R)t-riiis 

i^tt®- y '5^>'l'^3*®^*^jia[S« 0 . 2 ~ 1 . 0 w m-C 
^r;^^9^®iFi^iK[@®BS4^® 1 «T®¥*^5K[S?:W-r 

[000 1 ] 

®«i§{CRITS, 
[0 00 2] 

[fie*oisa5j ia¥®m^^Sls®/J^M^b • tis^t^cf* 

(IMT TMLCCJ it^^i) ^®-fe^ 5 ■yi'm^gP 
C®Ct*||JI-r.2./c«6®— 3®^m3:. -e®J;^^£H2 

xi>i,mf^^~^ h a(*®!8»ttsaf«fiJE®35jM • ^hj&i 

[000 3] . iRfPg^B - 2 9 0 9 8 5#fi|R-^ 

n&^e - 5 0 7 0 2 #i&«k: w. - 'jiDi^^m-wmfS. 

(O^l&^t-r ^MLCC F*5a5«fiBJfJ jSffl it® zift'^ - :^ 
iStg$n-ri»4. */c, l-2 1 4 24 2-^4> 

$g(ca. -fe^s ;'i'St^±caj^$nfcpiEi!i^<*®T^7 

5 3 >®|S£^Ki5±SaWISlf!5SS#14 (IP^ 3 0 0 

B^<D^!iSt.mci,:^y&)im^iC^ Ti> Zr. Ta, 
H f . N bXW^&±Sl7cfSO^JII«»^*-5t^W*ne.® 



3 

*/c. !|$pgjp 1 0- 1 445 6 1 ^'SimiClit, :^ -j 

«ttte«n/cM L c c Jtnisjs b» « c t t^^mmct^ 

[0004] 

(**j^s!c-r«>»isi • ^mJFM^um our ^m^^m^m 

[0 00 5] -ec-C. :^^mit. ±mOtcji^rj:mi<D 

mt¥-<-7. KcM-r-5Mii*4iB^-r-<<iijta3n/cfc 

^tj: U'<;U©m«W!RfttRO'/XB8l*S(W!^tt**t^ b 

^©J:^)6:®(t-:-;^ h*|SfiS^S:^i^«rti« 
•r€.Ci-CS)^.. Sfc, ^ls:f6B^©<te©@W«. ^©J:-5 

ismimm-ri>ctxs>^, 

[0006] 

[iss^»?^-rs/cjf)©^©] :^^m^\t. •-i-x h 
^.JS^(*}f^^fflii»^i5f!i4©«[K^^Si*iiw<b-r * 

i2^©^31tc J; r ±IB3t«^©[fi]±**yc b?# .S C i 
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■r€)^»'<-;^ h©^@::^ST*o-c. ^©^{^ffj^sra 
^t**4©iaKB. ^^*9^W4©i<*^fiST^^©ftiS 

^?ftSi>'¥J^es^wrsBsaEt^©^mi4^pif»*ics=f 

)s«»*©¥i^!K[S©iiiS4»© 1 vxrxs>^-mji\i^-m 
ttj-r 6 c <fc {c J: o rtf t>n 

[0 00 7] U^s. 2|t^Hj©#SKM L/T rspi^iKtSj 

20 s E umon^m^MWimcmnK^xnn $ n/c^i^jte 
«. ^iSt95S*«fS-r^tftiF- ©7 0wt%Jii 

«Me9tcB^ig*a5S*«^-r^&T-©7 ovrt%Jii± 

ifirx'<i> htt (BP%iKll^^©S{iK:jPt-r€>SS©tb^) 
8 0%«±-C*.5JS^^l:''5. S/c, :*B^ifflStctet^-C 

P4tc*jt,^-r«)S;«i^©;*vgP» (WSWcc«ita^©7 
0wt%W±) ©fi[-T-S*itaS(cs&-,-r:t>.5 (fi«L^c 
30 CO ci^c^-^. ^i^-o©*a^SA?©3Kt 

tcfiAj: ^cOA^XB-e©-ffiSB©**5a)^j: » 
^5, U-oX. :$BjJH»4c*st,^-C«»$nStiatC)KS^ 
fli*Wd:S-o©t9^*il^L'/cJS^«:«. AMWtc 

B. -e©^s^i&fti^{c*ji,>-c-o©b-- i77!,itas(cgt 

[0 00 8] hSa^7?ffi-C«. 

40 ^*9^Mif4©if**fiS-riS^i^©^mtt^M*a5R (« 

WLfio-e©¥l^aS*iS^)l*»^©f«4^© 1 IMTT 

4 c i m: J: o T . mv^wMfm^w^D^hrSL^iMmm 

i. -fe^S '^i'»t*±(c5c«tt©il5i.»^]IS-r!^ct>^®ffi 

^c«j&©Mt»:^ft05)jS-r-sci*j-c*^. c<Dtc^. 

50 :*:iSiji5?ffi(cJ:-,rt#'=>tifc^i(*'-t-x 



-5 c i < mm-r ^ c i *5r * -s. 

[0 0 0 9] ±IBKJS*a*aJi<!:b-C. 2|s:^Bj 

M L C C ^aymo-t V 5 i'^^a5fD©''J^^-^t. TifSfi 
[0 0 1 n S/c. :^^5%B^(c<to-Cti«$ia-52ff*'<- 

He«3«:im-ffifiS©Bsgctx©^)S«»*-c * r ^R^Stt 
x«-ffiw±©ii8^«©^)it»**!^te#mtt^jst»* 

[00 1 2] $/c. 3f:^H^tCj;-,-Cti«Sn.S^(*--;- 
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te- 'y;H0*©^i^|4S©%4 ^© 1 «T-C*S-a 
X{i-S«±©B|S5«©^M*a5SSOVXa-fe7 5 

¥J$|iKS©lilS4i5-© 1 fc(T©¥J^«iS*Wr-S9^if >M 

^<'J'i'A|9^-C$>o-C^IJ- ?dr;l,t9^©3 Owt%J(itT 
i):c2.fifi (MS) tCti^^^,g^i?>^^-?U>t7A*&*© 

[0013] ±iefil)?S©N i --i-X h-ca. ^WSi^ 

©AS!) ?r35j)nre, *^*^.5>ifmtc»'5<«[a:ie^sc 

Jr-p-CN i ^^*«rif*<!:-r?.zi«:?KfiSfflWf4©3ft«** 

?g©N i '^-^^ h tc J: «,<!;, MLCC-e©fte©H2-5'5 -^^ 
5l?^m>ix-<ji'-c3tSLf#S»Mt*i©#flj*3X hHf 

ffins^^M (N i ) -cffjfis-rici^irt^. c©fc 

30 Ib'SrE-SC i*s-Ct-2>. 

[0014] Sfc. :$:^BJ©N i ^-7. V t L/-C»S b 
t<>fc©-ca. ±sB^fl!:JI5fiSfflit95|?t+i|!4©i«J*^-rDSSt 

t^©^ ;l'if&^©ipl^ig[S« 0. 2~1. Oium-C* 

^-JW«&*©¥i^«[®©IS4^© 1 fe^T©¥i^*iS*wr 

4^Wr-5C ifS. 3!»>*>S1«fiS©N i -i-;^ 

h«:j:4<t> 42-7 5 (i^tcg^ "5 A €^ 

40 n-l,^Kl^©N i ^i*5:}fJ)j£-r.SCi*ir*.2,. S/c. 
:$:1f^©N i --1-;^ htci^i. N i *&^<t^mtt^il 

r>xmm'^m(omm^^vz'&iri.^ms&wmm \ m 

[0015] */c. *l6B^©ffe©fflimiLr, ilB'-;- 
MLCC-e©ffi©-b7 5 d'm^^siJa©i!t®:^4fflei 



[0016] 

[0017] :$^B§©^f*-i-X hO^fiS^/c^aSf^ffJ 

S*^^Ki^S*»5R©4^© 1 t^T (W* 0 < W4^© 
l^S:^'©!. 1$tC«655'©l ~8^©1 flS) t?4>6 

B§E)5tt©3t«fflf»a»*9**iHFT^ag5»q$ n/c ^>©r * 

[ 0 0 1 8 ] tajxti, um:i:-^- (rt^e«JSC« 1 . 0 
~1 OMm) ©5pi*ieS^Wr€.SISa5t>J©SK. 3 
''^•9i^•i'AX»-en^©^#3!)^6fi£■2>^«14S^M 

^rju, ffli?©?^mtt*#j5i9*«. i^-rnfc 

i»i?m-?^SPfa©<S=j;^ h'fb€:05^^-C:*:^?«4N i ^ 
©J&^Jl^ifi£:^i-ri.^ft-?-X h RO'-€-©l©5^CC a 

«*a(e<J!^14 *ffl^d: ^ c <!: < se* J: 0 h 

5i'a>ii--i/'- (S?*L<liO. 1-1. OMm)© 

«CSiFJi-C&2>o mW, :$:#£b;3©N i h^MLC 

c©i^si5^®jf5fi£^©ffi3itcijefla-r.2.ti^. ^mm^ 

fci>nim^(D^imms.O. 2-1. OMm-C*SC 
idilifs , 0. 4-0. 6Min(t«|i«0. 5m 
m) -C^i>Cttmi-cmt.\^\.K tfc. :^yir,vm^(D 
tt^ES (BET(CS-3<) (J, l-lOm'/gT* 

[0 0 19]-:^. *©J:^^c£^)lf»^«:^J)D$nS 
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^©•en©4^©Hi(T (*TSb<»l/4~l/8. 
«f«:W 1 / 6- 1 / 8 ) fiSt?&SBSmS©^if&5|5-C 
< . !HF^©^il*»*-^H2 7 5 i'ta^tcRBSS 

n€.fc©-ca^ci^, afflr.5.ffliS(ciEi;rs>5ci5^s 

*5. m«*>75>i.3S«1iB»Wffl6}^iUra<?©i|^{* 
it9^-^#)Sm^k!^©a?ttSfcffl*»**ffli^-2. c iTji-ct 

10 mw^-:^ h<Dmm\t mmmm) . ^mmtx\^, 

mtrntl^XU, Al. Zr. Ti. Si, Pb, F 
e, W. Mn> Bi. Nb, Ta. Mo. Ca. Sr. 
Ba. Mg^©K{kita*au«iiSi!t*.©«±ffl (BPfeS 
c, Y. La, Ce, Pr, Nd. Pm. Sm. Eu, 
Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu)K 

«j. Siy^i^fb^jR. m.{t9^>m(ommi. m/icon 
^ (±ie^jsffiE^biB)?:t2^-r ) ^rmfln-r C t ic J: 

0. *I%?B©^(*'<-:^ h*i6JBRS3n/c)!i«^f*©W 

[0 02 0] sfc, j^«fflffta*fflt&*i i^ximi^mh 

)ilf»^ (J«iS!e«JK»|3I-XWffl<H©l«W^e.«^3*i. 

ti®-rs^«iaj-iafiS©^ji«»^*iffl*^t)-ii--s (ig^ 

^©f6©iB)tt4«^c ^ c <b Aj: < . ^St9*mi*7!p e.fiJE 

^)St95Ki-rSJS^«c«. 0. 1 2 5 //m«T©¥l^«i 
[0 02 1 ] iC5-C, ^iattr6]±©l!l,'#.*>e,«, 

^4a:»^^^©5>1'-■7•^c^>cD*i^f^ L/i»o 

ies^^©*)©ai'jaiE^ftaaie-^^<fc9iE5iK:tf 

50 M^a^tr-sis^ica. ±tt©^7 o%x«^nJi(±© 



(6) 

9 

3-^0. 7umm^b<UnU0, 6 urn) 

(Dmmdcmr^ <^^rj:z^^^ y^un^^^o i><Di)mt 
(D^^mmo. 6-1. 4 urn mtv<iimmo. 

8-1. 2/im) cDl6HtcjlT^J:^3^cC>'i'-:::^3:c3K@[ 
^^ffJCD*>cD;^5^^UC>o -75r. ±iB¥i^t4S3&^ 0 . 5 m lo 

LXUO. 125 umiar m^O<\ctO. 12 5- 
0. 06 2 5Mm. J:K^0^L<iitO , 0 8 3-0. 0 

(D6 0-1 4 0%fiSC0a[S«iH (W*L/<«8 0-1 

2 0%fiScD5Mafaffl) . *f*«Cct3:^i^jfiiS:^i|B§0. 
12 5MmT*or. ^(*CDBS7 0%Xti-en«±CD3K[ 
^^^eao. 0 7 5-0. 1 5 Mm t<«SS 
0. 1—0. 1 5 um) (Dm,Wcm'^^J;:^^j:iy'\'-y' 20 

1.0m infiS<Oi^)||«a^^ffll^6J»&(D?5«ffll»8» 
*ffl*9^<h UrtJO. 2 5 Mm«T (W^L.< tiO. 2 5 
-O. 125Mm. J:0*f$O<li0. 25-0. 16 

7 Mm) (D^mm.m<oh(o^mm'r^ctii^T^^^^. 

^iS^l^liScD 6 0-1 4 0 %fiSCD©St5H (*f ^ 0 

< «^iS¥J^tiso8 0-1 2 0 %m^<o^mmm) . 

0, 07 5-0. 1 7 5 Mm (Sf$L<t*eSO. 1- 
0. 1 5 Mm) CDl5H6cJS-r'SJ:^3'dCi^i'-:7Vj:|ijg^ 30 

[0 02 2] Jtcfc. :*c|%B^O|||feJC^/cor«. i^JS 

x^t. ctihstmcoy^mi^c^^xm&^tifcmi^m^^ 

[0 02 3] ;Xtc. :^^m(Dmi^^- :^ h<D^^X$> 

6mmmmm^nn<Dmm(^c-:>[.^xm.m'r^o ccom 
(ommm^c'r>\,^x{r^x<D^^^mfcrmm^xmn^ti 
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^mA(o%im iM\.^x\tmmk(ommmw(om&^) 
^c^^ry^^mmmmo^mm^ o ^m< j^cScJ: ^j^ck 

-oxco^mmwrnm^omMm (^ws) ^isb^ 
'&(omism^cm.^^x(Dmxhti\it^< c^ii. ^isr^ 

<^m'r^ctf)^x^^. ^i^cmmr^hox^ttci,^ 
%mm&3mwm^tux±^mm^tmmm(^cm- 

0to< kmwnmmmmm±W(o 5 - 2 o wt% ( 
caf^u<«i 5-2 0wt%) ttji^m^mw^tj: 

^mcj: ^x^mm^^mi^ci&T^ :i>m^:^^$>^f)^hx^ 

HL/c3i::6"«?B^fil«3g(C*JCir«. 3te»^?t>i7 4. 0 

BisssiT-) ^mmofcm^. ^tco^mmi^ts 1.00% 

tuy)^ ^Sg^til9. 0 0%i3^j:-2,o 0^0. 
iK^ (8 1 . 0 0%) :0^63i::^^Sg5^«m5^CO^a^ 
(7 4. 0 5%) ^;^L.?K^/c^ (6. 9 5%);&^±iB 

(±fB-^^acCCtS^) 10 0c mnC)^'r^^«1«IW 

74. 05:6. 95^100:9. 39 CCS"^^ 
9. 3 9 cm^iig^tta^n^. 

[0 024] ^/c. 4^mm^N i ^-:^b^cmmr^m 



u 

^. ^misi^fci, N i (iff s L. < itw-i^nmti^ 

0. 2~1. OMm©Ni^»^. #tcSf S 1/ < 
^©m/raS«. *f * L < «. ^IgN i *&^©^1^I4@© 

m^^v^ Atft^gss-cosSi 0 r«3£r s c i jw-t # 

m«mSSET«cte(,^-C^*fc|fiiS*iO. 5 Mm© 
N i ta^S 1 0 0 g ( 1 9g,iiio-C10 0 

1 1 . 2 cm^) (c>i*Lrasj)n^n4^«iiB(jaiffl 

f9*©Wii^d:^flPa«. ^i^N i m^(D3 Owt%Ji^Ttc lo 

ti^-r.2.aa (BP^a ogJiiT) ©9^ 5'>K-'-iy 

^(lcm'i?6. 0 g) *s,S«?)S?Fa («a|^«3 0 g 

©9=•^^>^-'^••J ■i'Ata^^^CJS^-CS. 0cm' ) t 

mm) ^m:ktj:mm^fi^mLn'? c i^c < t^-r-s c 

[ 0 0 2 5 ] rRL-r, *^B^(C{^^agi*ff5fiSfflt&*«5f4 20 
«, BlfSfi©i^*a5R<!:SS^)U8S))nfi©^«l«fWfift*i 
<!: ?:S^-r ■5. C <t tc J: -3 r ^^{Cff 4 C i 

i;;u^©^«!(iW-t±r?forfej:ti (BP%c:©J©^«« 
»ff5)iRffl*&^ttf4©igl$?X^i ^i^©^«if4© f t 

c*T,e,i3*^^3?- ^^-r^ijct^, coj^^iciyxm 
s^^^?fti^tc-o3^«-enj':^±©f-i'*i^.s!)e>n€). 

S - -^XW^tiJiti©!!!****!^ 

RS;^3^1?tf4f*> -2) C i ^fnt—'0(Dmmt i^c 0 ft 2>„ 
[0 026] ;>:k. *#ea^©if ft-^-x h ^fit^-r^gij 

^i*]±K^-^-r^±ie^f$jfMffl»*W4©ftefc. 

(omW^- :^ h iPI^O^^S^rgiM^i Or^W Off 40 
■B-Cfo< ^j©-C&n«J:< . ti£3^©®(*-i-;:^ KCfflC> 

e>n-r fe©^!Kf4c$iM;^c < mmt c i *5r * -s. 
«?"J^«. i?-JHz;UD-x^©-te;l/a-xiRii5^^. x 

h-^u. 5'-f4^:t-JU^©W^*WtS?§j«*^^lf6n 50 
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[0 02 7] */c> :$^Bj©^f*'^-x htcij. mm.^ 
Ai*i.5W«as»n?fij<i:Lri3:ss©w«-''?'r>y- 

fli, ■y:cy--)mm. T^u+KtSffll. -fe^wn-xmiBi^ 
^, b'-;l'rJU:3-;U^^'<-X<b-r-5>*>©*sW 

14) ^i^^Lfu^m-^iat^ m'^oytm-^it^mRtf 

[0028] Aj:*}. ±ta©ffiK:fc2|s:^?g©^(*'^c-::^ h 

tc». '^micft-ox^mmmt m-mt -^mi. m 

Pl^tcffl u stiffs *>or*ti« J: < . l¥«B)tt5tt?8»=S 
[0029] ^XtC. 2|iC^©#»^-x h©p|SJ«CO(,» 

m^Lxntci><D^muaLxi>^i,K cotft, £«sic 

mt*, H*P-;U5;i'^©ffi©M»^*ffli.^r, ^» 

mmmm^mmR^^m.mmm^i:^'^ 1 1 i' 1 1 «c 

BiT5e©ie^l:bt?iSSil^t. ffiS{CiW0^*3-tfS 
-rs) Ci{cj:0. *^J©3S<*'^-xh*iSm3nf# 

s. 

[0030] -^xic. :$iHm<mw^-:^ h im^^tcmiK 

•>j'S!©s« (s«) ±(^m$i. mmm<Dm^i^'(:m 

m-r^(Di,cu^m(^^fi>nxitcm{^^-:^ h tpimcii 
0 IS ^ c i *s-c# . ttfjfti&^©7^a*!|$(c$ijp;g^c < 

jS^itcJjnSSt^fl^ («liS«lfiSSS*s«*a 6 0 0-1300 

•a :SS^Wic«7 0 0- 1 0 0 O'Cr^-S*!. Ni-^- 

xf-r«w$L/<«i 1 oo~i 300-c) xmw^!Si 
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X h J: ^ ifie^fccD^cDJ: 0 4>®mttCcSn5M«^<* 
X h tJ, 1 0 - 3 0 M mSS(D2S»<Dff5«c(D<5^^C 

1 0 /2mOTcoj:bi59^pii>iiiio2S<*^0^'r-5 

<fcUT»^L/CU. 5-3 Mm/?<D.IS^ttCCSnSMt^ 
aif^^ffJ^T-S C <i::6^r# 20 
[0 0 3 1 ] 

[003 2] <^m\>mmm \ t\^x^^:ym^^') 

LfCo T^Ct)^. ^±>!SLS:0^^f^O. 4MmONi«»^l 
0 0 grtC. ^J^ttS;&3S^0. 1 MmCD5^^>K>'^*y 

»^^^i^N i m^(D 1 owt^^ctB^-r-^a (1 0 & ) 
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At&^5wt%) (4 2wt%) t^^^> 

^- (Hafli: 3wt5^) 6?^j:€>cfc'5^CCtl6«*4^*?S 

[0 03 3 ] <mm 1 >^^fflL/c^^>M^^''; o^m 
[0 034] <tb^m2>^^>m^^v^j>.m^^mm 

[0 0 3 5 ] <mmm 1 : mm^m.(Dwm (^o 1 ) > 

yc^c. ^jfe^ij 1 itej:>'cci:bl5«?ij 1 so* 2 tc^^ N i X 

[0 03 6] 

[^1 ] 





mm9^n 






N it^5|c 

^fs^mm (Mm) 


0. 5 


0. 5 


0. 5 


?$i;(fnS (g/100gNi ) 
¥*^tta (Am) 


10.0 
0. 1 


1 0. 0 
0. 2 




^«Jft (g/cffl*) 


5. 05 


4. 65 


A. 75 



[0 03 7] ^l^^^BjeA^^cJr-^fc. ^ii^il 1 



40 >®E>'^• 'J -i? A!t&^5)5^Jjn©fc© (J;b$j?6?!l2 ) J: 0 

[003 8 ] <mmm2>mmm2 1 uxmmmicm— 

*iliiSiL//c„ -Ti^c^D^. W-m<L'mmo. 5Mni©Ni 
(Ji^T r±N i *05Sj ) 10 0gCc>Ptt. 

W-ii}1&^Amo. 1 mn©N i sJS^ («T rsjN i 
*J iC^^. ) =Sr9. 4gr^tin0. • iB^-T •& C <!: 

50 fc. -r^cto^. :*:^ifet?Sic^S^<*0fiKffl|»^1vf*4(DiiJ 



15 

[0 03 9] <mim3>^N i*»5Sl 0 0 g^C^fLHI 

Nit05^?:14. 8 g^Jrat^. • jl-^-r-SCiCCj: 

*©^W^«^M?fiSffl*&*t^l4:^<*<D 12.9 M%-C 

(0 04 0] <mmm4>^K i t&^i o o gtc^ptusij 

Niif&^^2 0. Sg^JjqL-. liSi- jg^-r^CitCj: 



(9) 2002-245874 

16 

^--i-x h Vassal/ /c. 

[0 04 1 ] <mm3>^N i*a*i 0 0 gtcs* I, sj 

[0042] <mmA >sijN i if&*^^jn-rs c i aj: 
I tmm(Dw»mmim\ ^immtcmi>N i '^t-x 

[0043 ] <^^m2 : ^M?gS©^1i (^©2 ) > 
'^K. *i6F!l2~4M!yftCj:l:«Jt?!l3S0f4{C^aN i '-t 

[0 044] 
[«2] 



10 







m^m3 


m^m4 




it4M]4 














Vl^ttS (Mm) 


0. 5 


0. 5 


0. 5 


0, 5 


0. 5 


(irt%) 


9 1.4 


87. 1 


8 2.8 


50. 0 


1 00. 0 














VKjfiitl (Mm) 


0. 1 


0. 1 


0. 1 


0. 1 




^^n^ (irt%) 


8. 6 


12.9 


1 7. 2 


5 0.. 0 


0 


SfltM (g/d^) 


5. 67 


5. 73 


S. 69 


5. 4 1 


5.6 1 
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